O B J E C T IV E .
The purpose of this study was to evalúale a magnct.ization-prepured-rapi.cl grudient-eeho (MP-RAGE) sequence as a three-dimensional (3D) T 1 -weighted MR imaging technique lo reveal lymph node metasiases from carcinoma of the bladder and the prostate,
S U B J E C T S A N D M E T H O D S .
Using a 3D Tl-weighled MP-RAGE sequence, MR images of 134 consecutive patients with proslatie carcinoma {n = 63) or urinary bladder carci noma (^ = 71) who were scheduled for radical prostatectomy or radical cystectomy were correlated with histopathologic findings after fine-necdlc aspiration biopsy (FNAB) (/; = 6), open or laparoscopic pelvic lymph node dissection (n = 127), or autopsy (// = 1). MR imaging was used 10 limes to guide FNAB in nine patients.
R E S U L T S .
The sensitivity, specificity, accuracy, and positive predictive value of the technique were 75%, 98%, 90%, and 94%, respectively. Thin-slice (1,2-mm) multiplanar reconstructed images correctly revealed diseased nodes in 33 patients. However, MR imaging failed to reveal microscopic metastatic deposits in normally sized nodes in 11 patients. Two other patients had enlarged nodes without metastasis. Furthermore, FNAB guided by MR imaging revealed metasiases in six of nine patients.
C O N C L U S IO N , MR imaging with a 3D MP-RAGE sequence was accurate in revealing nodal metasiases from carcinoma of the prostate and bladder. This imaging technique can be used Lo select patients for biopsy or laparoscopic pelvic lymph node dissection.
M
R imaging is considered superior to CT tor local staging of proslalic carcinoma [ 1] and slightly belter in local staging of urinary bladder car cinoma [2, 3|. Because we use MR imaging for local staging in patients with prostatic and urinary bladder cancer, we investigated whether MR imaging is appropriate in nodal staging. If it is, local and nodal staging could be done in one session.
However, CT provides the opportunity to do fine-needle aspiration biopsy (FNAB) more easily |4), FNAB is a minimally inva sive method of determining lymph node metasiases histologically. The mean reported sensitivity of FNAB is 70% |5|.
The purpose of this study was to evaluate the diagnostic accuracy of a three-dimen sional (3D) magnetizalion-prepared-rapid grndient-eeho (MP-RAGE) MR technique for staging regional lymph nodes in patients wilh proslatie or urinary bladder carcinoma.
Subjects and Methods
One hundred and thirty-four consecutive patients with biopsy-proven proslatie carcinoma (// = 63; mean age, 64 years old; range, 4K-73 years old) or invasive urinary bladder carcinoma (// = 7 1; 55 men, I ft women; mean age, 50 years old; range, 3K-75 years old) were considered suitable candi dates for curative surgery on the basis of clinical staging, local and regional MR staging, and their general condition.
In patients with proslatie carcinoma, clinical stage was based on digital reeial examination, transreelal sonography, prostate .specific antigen levels (mean, K.2 ng/ml; range 2.4-40 ng/nil) anil histo logic lumoi* grade (nine tumors well differentiated, 42 moderately well differentiated, and 12 poorly differentiated). All patients with urinary bladder cancer had biopsy-proven muscle invasion. Nine patients had moderately differentiated tumors, and 64 patients had poorly differentiated tumors.
MR imaging was done using a 1,5-7' magnet (Magnetom 63/48 fJP/4(KK); Siemens, Erlangen, Germany) anil a Helmholtz double surface coil (Siemens). To reduce bowel motion, patients jager et al.
received 0.5 mg of glucagon IV before the examipatients with urinary bladder carcinoma, the 3D obtained. The minimal axial size was measured in a nation. To reduce respiratory motion, an adjustable MP-RAGE sequence was part of local staging |2|; plane perpendicular to the long axis through the belt was wrapped around the abdomen to induce in patients with proslatic carcinoma, the sequence thickest part of the node. From these measurements slight compression. In the 3D MP-RAGE implepreceded local .staging with a transrectal surface an index was calculated by dividing the shortest mentation, T1-weighting was obtained with a 180° coil. Image interpretation was done by two experi-axial size by the long axis. Lymph nodes were coninversion pulse for magnitude preparation. For each enced investigators who were unaware of the clini-sidered pathologic when the minimal axial diameter of the phase-encoding steps in the second dimencal and surgical findings except that the patient was was 10 mm or more ( Fig. 1) or when the minimal sion, the inversion preparation was applied and then a candidate for prostatectomy or cystectomy. The axial diameter was between 8 mm and 10 mm and the rapid gradient-echo data was image quality was assessed as good or poor accordthe index exceeded 0.8 (a round node) (Fig. 2) . The obtained; the latter step extended into the phase ing to previously reported criteria [2] . The investisignal intensity of lymph nodes was not considered encoding for the third dimension. The sequence gators performed multiplanar reconstructions of the diagnostic for metastases [3 ] . parameters were 10/4 (TR/TE); inversion time, 500
MP-RAGE data in what they considered to be the In nine patients, biopsies of suspected enlarged msec; flip angle, 10°; matrix size, 192 x 256; field optimal plane. In the first 40 patients, all reconnodes were guided with MR imaging using an 18-of view, 25 cm; two acquisitions; and voxel size, structions were done independently by both invesli-1.0 x 1.3 x 1.6 mm. A total of 128 contiguous gators. As the study proceeded, the reconstructions images were obtained in 9 min. From this image were done by a single reader. When the reader was set, off-line multiplanar reconstruction of images in in doubt, independent double reading was pergauge MR-imaging-compatible needle (Lofkin; ' ' " TUrkenfield, Germany). In one patient, 2 procedure was repeate 1 result. To tu it I* an inconclusive "'"■■mine the ideal percutaneous
pecific planes was performed depending on the formed* Consensus was achieved in all cases. In approach, multiple angulated images were recon-
preference of the investigator. A plane parallel to determining sizes of lymph nodes, maximal longstructed. The position of the needle tip was <ed with transaxial and sagittal two-dimenthe external iliac vessels was always included. In axis and minimal axial measurements werê ïÉ ÈÊîm ¡g :, vfff lIIS . ' I : ; -' :
•AV.'rK
': V;.: A, Reconstructed three-dimensional magnetization-prepared-rapid gradient-echo (3D MP-RAGE) image in plane parallel to right external iliac vessel shows enlarged lymph node (arrow).
B, Reconstructed 3D MP-RAGE image in slightly angulated coronal plane reveals enlarged lymph nodes (arrows) along course of iliac vessels (diameter, 12 mm). Histologic examination after fine-needle aspiration biopsy re vealed metastatic deposits.
•
111:
-65-year-old man with localized prostatic can cer and iliac metastases. Reconstructed three-dimen sional magnetization-prepared rapid gradient-echo image in plane parallel to right external iliac vessel re veals round obturator node with diameter of 9 mm (arrow). Histologic examination after laparoscopic lymph node dissection revealed metastatic deposits.
• (Fig. 3) . The procedure took 3 0 -60 min and was done on outpatients. The MR findings were compared with histo pathologic findings after FNAB in six patients, open or laparoscopic pelvic lymph node dissection (PLND) in 127, and autopsy in one.
Results
Overall failed to depict métastasés in 11 patients with nun ( Fig. 5 ). In the one patient with a falseunenlarged nodes. No metastatic disease was positive lymph node, we measured a diameter of 10 mm on reconstructed MR images. found in two patients with enlarged nodes.
The MR technique proved to have a sensi tivity of 77%, a specificity of 94%, an accuracy Urinary Bladder Carcinoma of 98%, and a positive predic
The MR pelvic lymph node findings in 71 patients with invasive urinary bladder carci noma are correlated with pathologic examiThe MR pelvic lymph node findings in 63 nation in Table 2 . Metastases were predicted patients with prostatic carcinoma are correcorrectly in 24 patients. In these 24 patients
Prostatic Carcinoma
lated with the results of pathologic exammu-39 enlarged lymph nodes wer tion in Table 1 . Metastases were revealed by mean axial diameter was 12 mm (range, 9 MR imaging in nine patients. In Lymph nodes with an axial diameter of 3 patients, 15 enlarged lymph * fir* 18 mm). Metastases in five patients were predicted correctly because they were round. mm could be visualized (Fig. 4) . Initially, shown with a mean diameter of 11 mm The diameter of the involved nodes was 9-multiplanar reconstructions were performed (range, 8-18 mm). In three of these patients, 10 mm. In one patient with false-positive in nodes, the minimal axial diameter of Iho in 20 min; eventually, we could perform lymph were them in 10 min. Results of nodal staging are round nodes with a diameter of 8 or 9 mm. In largest node was 15 mm. However, this node presented in Tables 1 and 2. six patients, node metastases were not contain metastatic disease. In nine patients with enlarged nodes, MR imaging was used to guide FNAB. All patients appeared to have metastases. In four patients, insufficient aspirated material pre cluded diagnosis. These cases were classified as false-negative. In one patient the procedure was repeated, and enough material was aspi rated for diagnosis. In six patients tumor cells were seen after FNAB guided by MR imag ing. All failures occurred in the first five procedures, suggesting a learning curve for this procedure.
A

Discussion
Accuracy of MR Imaging for Nodal Staging
Local and regional lymph nodes are rou tinely evaluated for metastases in candidates B for radical prostatectomy or cystectomy. Note.-The MR technique had a sensitivity of 60%, a specificity of 98%, an accuracy of 89%, a positive predictive value of 90%, and a negative predictive value of 89%. Surgical PLND is the most invasive and reli able method lor establishing metastatic dis ease in pelvic lymph nodes. However, frozen sectioning has been reported to be false-neg ative in 33% of patients |6|. Laparoscopic PLND is less invasive and almost as accurate in sampling lymph nodes (90%). However, this method requires more skill and experi ence, and if no lymph node metastases are found a second operation is performed [7|. Therefore, a noninvasive, reliable method lor detecting and staging nodal metastasis would reduce unnecessary surgery.
CT and MR imaging are reported to be the most accurate noninvasive techniques for nodal staging, but accuracy rates vary widely. For CT, the sensitivity varies from ()% > to 100%, dictive value of 96%, and a negative predictive value of 89%. and the specificity varies from 44% to 100% Jager et ai. métastasés [6] , 14 were present in lymph nodes smaller than I mm. Of these, seven were not recognized on frozen sections.
In our study, subjects were restricted to those patients whose true disease status was verified by pathologic examination (verifica tion bias). If clinicians' confidence in MR staging increases, the need for pathologic confirmation decreases. A patient with obvi ous T3c disease (seminal vesicle invasion) and enlarged lymph nodes will no longer undergo FNAB, and the number of true-posîs decreases. In addition, the real * , • ltive A B prevalence of disease affects the reported Fig. 5 .-58-year-old man with prostatic cancer and false-negative node at MR examination. Reconstructed figures. In our hospital MR staging is no three-dimensional magnetization prepared-rapid gradient echo images in coronal (A) and plane parallel to right longer indicated in patients with low-grade external iliac vessel (B)showiymph node with 6-mm diameter (arrow). This node contained metastatic deposits tumors (nrostate specific antigen concentraon pathologic examination.
. 1 , tion < 10 ng/ml), so we expect a lower num ber of true-negative results. [4, 5] . For MR imaging, the sensitivity varies ¡rated. We used reconstructions in every from 0% to 100% and the specificity varies desired plane, which may explain the relatively
Nodal Staging in Urinary Bladder
Carcinoma from 94% to 100% [8] [9] [10] . Compared with CT, low number of false-positive lymph nodes in MR imaging has better soft-lissue contrast and our series, the potential of multiplanar imaging without IV contrast material. MR imaging may therefore
Nodal Staging in Prostatic Carcinoma
be more accurate than CT scanning, but both
In patients with urinary bladder carcinoma, lymph node métastasés is related strongly to tumor stage. Lymph node métastasés in patients with superficial tumors (less than T3) Lymph node metastasis in patients with are rare, but if the deep muscle layer is imaging methods are considered similar in their prostatic carcinoma is highly related to involved (T3a) or if extravesical invasion is ability to facilitate nodal staging [3, 5] . Howtumor grade and clinical stage. The chance seen, the incidence of lymph node metastases ever, the most optimistic results were obtained that a patient with a well-differentiated T la rises to 20-30% and 50-60%', respectively with routine axial CT |4). The reported CT tumor has lymph node metastases is 0% [12, [17) . Although some authors advocate radical technique had a sensitivity of 78%, a specificity 13], whereas a patient with a poorly differencystectomy even when the patient has microof 97%, and an accuracy of 94%.
tiated T3 tumor has a 68-93% probability of scopic metastases [18] , radical cystectomy is Because our MR technique obtained thin having nodal metastases [ 12, 14] . Lymph not justified if lymph node metastases are slices in multiple directions, the minimal axial node metastases can also be assessed by diameter could be determined correctly. The prostate specific antigen levels [13, 15] . The sensitivity of nodal staging in patients multiplanar reconstruction allowed us to evaluBecause of an increasing trend to perform with urinary bladder carcinoma was better ale the nodal shape. By defining the maximal surgery on patients in the early stages of than that in patients with prostatic carcinonnal size for a round node as 8 mm instead prostatic carcinoma, the incidence of lymph noma. The difference between these two of 1 cm, the number of true-positives increased node metastases has decreased to 5-15% groups of patients is also seen in previous from 25 to 33 with only one more false-nosi 16|. Therefore, routine use of PLND is no reports. For prostatic cancer and urinary live. These findings concur with a study of longer considered justified in all patients bladder cancer, the overall reported sensiliviVinnicombe et al. 1111, who suggested a lower |13|. Also, the diagnostic yield of imaging ties for nodal staging with MR imaging are limit for pelvic lymph nodes of 7 mm for inlerfor nodal staging is considered loo low for 32% [I, 4, 5, 10, 20-251 and 64%-[ 10, 19, nal The 3D MP-RAGE sequence in our hospinmi for external iliac locations. Oyen el al. [4[ imaging should be restricted lo patients with tai plays an integral part in staging urinary also suggested lower limits of normal size for a high probability of lymph node metastasis, bladder carcinoma. Therefore, nodal staging lymph nodes. They considered every asymThey stated that when the probability of posdoes not affect the costs of staging. In patients metric lymph node with a diameter of 6 mm or itive nodes based on prostate specific antigen with urinary bladder carcinoma, laparoscopic more to be abnomial. We used 8 mm as the level and clinical slage was 32%', the sensi-PLND is no longer done because of the upper limit of normal size pelvic lymph nodes, tivily of the imaging method must be 36% to chances of tumor seeding. In patients with Had we chosen 6 mm, 18 patients with normal be beneficial. When the sensitivity was 25%, lymph node metastases shown by MR imaglymph nodes would have been judged lo have as in their series, prior probability should be ing we use FNAB guided by MR imaging, disease (false-positives) and one patient with a 45% if FNAB provided a sensitivity of 70%'. true-positive node of 6.2 mm would have been
We achieved a high sensitivity in our FNAB correctly classified (Fig. 3) . If a node is measeries. Because metasiases may occur in nor-FNAB of pelvic lymph nodes has been sured in a plane that is not perpendicular lo its mally sized nodes, the sensitivity of imaging performed under sonographic [331, CT |4|, long axis, the size of the node can be overesticannot be 100% . In a series of 39 lymph node or lyniphangiographic j34] guidance. The
